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Introduction
An increased understanding of the

adverse effects of pediatric lead poisoning
led the Centers for Disease Control and
Prevention (CDC) to lower the level at
which blood lead poses a health concer

three times in the last 20 years.' The CDC
now defines the pediatric blood lead level
of concern as 0.48 prnoVL (10 pg/dL) or

higher. The percentage of US children
aged I through 5 years with blood lead
levels 0.48 pmoVL (10 pg/dL) or greater
dropped from 88.2% in 1976 trough
1980 to 8.9% in 1988 through 1991, a

remarkable public health achievement.2
However, high rates of lead poisoning are

still found in specific populations (i.e.,
Black, low-income, and urban children),
and approximately 1.7 million children
have blood lead levels of 0.48 pmol/L (10
pg/dL) or higher.3

The objective of the current study
was to examine an additional population
at high risk for pediatric lead poisoning-
the young children of lead-exposed con-

struction workers. Construction workers

may be exposed to dangerously high
levels of lead dust,4 and employers were

only recently required by the Occupa-
tional Safety and Health Administration
(OSHA) to follow the same lead-exposure
regulations as general industry.5 Because
of the short-term and transient nature of
many construction job sites, proper hy-
giene progrms may not be available to
minimize the potential for workers to
inadvertently take lead home on their skin
and clothing and in their vehicles.

(1) had been employed in construction for
at least 1 month during the preceding year,
(2) had at least one child under age 6
living in the household, and (3) were
living at home while working in constuc-
tion. Families of ineligible workers were
offered free lead screening by the New
Jersey State Departnent of Health.

To account for the effects of back-
ground lead exposures from such sources

as paint in older homes, drinking water,
and industrial emissions, neighborhood
control households were chosen for each
exposed household. Workers were asked
to provide the name ofone or two families
in their neighborhood with at least one

child between 9 months and 6 years of
age. Control households were considered
ineligible if any family member worked in
a lead-related industry.

Personal interviews were conducted
with the adult who had primary responsi-
bility for child care in the household to
obtain information about the household.
Interviews were also conducted with each
worker to obtain specific information
about job characteristics and work prac-
tices. Venous blood samples were col-
lected from all children who had not yet
reached their sixth birthday. Samples of
dust, loose paint chips, and water at
exposed and control homes were collected
for determination of lead concentrations.
The methods for collection and analysis
of these samples are described separately.8

Blood lead testing was performed at
the New Jersey State Departnent of
Health Laboratory in Trenton, NJ. Blood

Methods
Study Population and Data
Collection

In 1994, workers in construction-
related Standard Industrial Classification
codes6 were identified from the New
Jersey Adult Blood Lead Epidemiology
and Surveillance (ABLES) registry, a

statewide surveillance program that in-
cludes reports of New Jersey workers
with blood lead levels of 25 p.g/dL or

greater.7 Eligible workers were those who
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lead determinations were made by graph-
ite furnace atoniic-absorption spectropho-
tometry, and erthrocyte protoporphyrin
levels were determined by hemofluoromet-
ric techniques. The lower linmit of detec-
tion for blood lead determination was 0.05
pmnolL ( 1.0 pg/dL).

Data Analysis

To assess the effect of exposure
status on continuous measures of child
blood lead, we derived mean blood lead
levels and used t tests to compare the
mean blood lead levels in the exposed and
unexposed groups. Values for blood lead
levels were log-transformed to correct
skewness in the distribution. Logistic
regression was used to model the associa-
tion between exposure and an elevated
blood lead level, defined as 0.48 pmol/L
(10 pg/dL) or greater, while potential
confounders were controlled for. Because
the number of study participants was
small, exact inference methods were used
to calculate odds ratios and 95% confi-
dence intervals.910 The covariates consid-
ered as potential confounders were age
and sex of the child, race and education
level of the head of household, age of the
home, percentage of lead in household
paint, level of lead in drinking water,
lead-related hobbies of any household
member, home remodeling in the past
year, use of imported ceramics to store/
serve food, consumption of food from a
household garden (since soil lead may be
high), consumption of canned foods, and
presence of a pet that spends time indoors
and outdoors.

Because of the lack of independence
associated with blood lead measurements
from multiple children in the same house-
hold, we performed additional analyses
using a class of generalized estimating
equations to take into account the correla-
tion of outcomes for members of the same
household and to adjust effect estimates
and their corresponding standard errors."

Correlations between measures of
lead in dust and in child's blood were
estimated by means of Pearson correlation
coefficients. Log-transfonned values were
used for correlation measures.

Results
A total of 516 construction workers

were initially identified as potential study
participants from the New Jersey ABLES
registry. We were unable to contact 210 of
these workers (40%) to administer the
telephone screening questionnaire, primar-

TABLE 1-Blood Lead and Erythrocyte Protoporphyrin Levels of Children
under Age 6, by Exposure Status, New Jesey Adult Blood Lead
Epidemiology and Surveillance (ABLES) Registry

Exposed Children (n = 31)

Arithmetic meana
Geometric meana
Range
SD
Geometric SD
Percentage 210 pg/dL
Odds rato (95% Cl)

Ery
Arithmetic meanb
Geometric meanb
Range
SD
Geometric SD

Blood lad, pmoUL (pgIdL)
0.36 (7.4)
0.29 (6.1)

0.05-0.86 (1.0-17.9)
0.22 (4.5)
0.10 (2.0)

25.8
6.1 (0.9 147.2)

throcyte protoporphyrin, jLmoLIL (F.g
0.27 (15.1)
0.25 (14.3)

0.16-0.50 (9.0-28.0)
0.09 (5.3)
0.02 (1.4)

Control Children (n = 19)

0.25 (5.1)
0.22 (4.6)

0.09-0.52(1.8-10.7)
0.12 (2.5)
0.08 (1.6)
5.3
1.0

VdL)
0.29 (16.3)
0.28 (15.7)

0.16-0.46 (9.0-26.0)
0.08 (4.5)
0.02 (1.3)

Nlote. Cl = confidence interval.
BP = .11 (ttest on log-transformed values).
bp = .30 (ttest on log-trasformed values).

ily because correct telephone numbers
were not available. One hundred and three
workers (20%) were excluded because
they no longer lived in the geographic
area of interest (New Jersey, the Philadel-
phia metropolitan area, and southeastern
New York). A total of 130 workers (25%)
were ineligible (primarily because no
child under age 6 was living in the home),
and 47 eligible workers (9%) refused,
leaving a total of 26 eligible workers from
the ABLES registry who agreed to partici-
pate in the study. Three construction
workers from a local union also partici-
pated in the study, for a total of 29
exposed households. Eighteen families
nominated by the workers agreed to
participate as neighborhood control house-
holds. A total of 59 children (37 exposed
and 22 control subjects) were under age 6.
Nine of these children (6 exposed and 3
control subjects) were subsequently ex-
cluded from the blood lead analysis
because venous blood samples could not
be obtained.

Workers had been employed in
construction, on average, for 11.6 years
(range 1 trough 25 years). Half of the
workers (50%) had received training
about the danger of lead prior to starting
their most recent construction job. Some
of the workers were provided company-
laundered work clothes (28.6%) and
shower facilities (32.1%). Half of the
workers (50%) reported changing out of
work clothes prior to leaving work. Most
workers (78.6%) wore at least some steet

clothes at work, and almost all (90.9%)
laundered these clothes at home. Almost
half (46.4%) reported taking or wearing
their work shoes home; only 17.9%
reported always showering before leaving
work. The majority of workers (75%)
drove their personal vehicle to and from
the work site.

Exposed homes were somewhat more
likely than control homes to have house-
hold members who participated in a
lead-related hobby (20.7% vs 5.6%,
P = .23). Other factors, such as age of the
home, remodeling during the past year,
consumption of canned foods, and pres-
ence of a pet that spends time both indoors
and outdoors, showed no differences
between exposed and control homes.
There were no differences between ex-
posed and control homes in the percent-
age of lead in household paint or in the
level of lead in drinking water.

Results of dust lead sampling in
automobiles and homes are described
elsewhere.8 Dust lead levels were signifi-
cantly higher in the automobiles of
constuction workers than in those of
control households and were generally
higher in the homes of construction
workers than in control homes.

Table I provides unadjusted blood
lead results by exposure status for chil-
dren under age 6. There was no evidence
of confounding or effect modification by
nonoccupational factors. Children in ex-
posed homes (n = 31) had somewhat

American Journal of Public Health 1353August 1997, Vol. 87, No. 8



Publi Health Brief

higher mean blood lead levels than chil-
dren from control homes (n = 19) (arith-
metic mean 7.4 vs 5.1 Pg/dL; P = .1 1). A
greater percentage of exposed children
than control children had blood lead levels
that were at or over the CDC intervention
level of 10 pg/dL (25.8% vs 5.3%;
P = .13). Exposed children were six times
more likely than control children to have a
blood lead level of 10 pg/dL or greater
(odds ratio [OR] = 6.1, 95% confidence
interval [CII = 0.9, 147.2). The confi-
dence intervals are quite wide owing to
the small study size. Adjustment for
multiple members of the same household
with the correlated-outcome method of
Zeger and Liang"I gave similar results in
both linear and logistic models. There was
no statistically significant difference be-
tween exposed and control children in
mean level of erythroyte protoporphyrin.

Workers were categorized by job
title into those we considered to have high
potential for home contamination (e.g.,
sandblaster, painter) and those we consid-
ered to have low potential for home
contamination (e.g., ironworker, fore-
man), on the basis of the frequency and
magnitude of exposure to lead dusts. We
observed an increased risk for elevated
blood lead in children of workers with
high potential for home contamination
(n = 16) compared with control children
(n = 19) (OR = 7.1; 95% CI = 0.9, 187.4).
Children of workers with low potential for
home contamination (n = 14) had an odds
ratio of4.7 (95% CI = 0.4, 135.8). The con-
fidence intervals for these estimates are
wide and overlap. Children of workers
who reported never, or only sometimes,
changing out of work clothing before go-
ing home were somewhat more likely to
have an elevated blood lead level (OR =
1.6; 95% CI = 0.3, 10.2) than were
children of workers who reported always
or usually changing out of work clothing.

Among exposed families, the child's
blood lead levels were significantly corre-
lated with dust lead levels at most
sampling locations in the home and
automobile, but correlations between
child's blood lead and environmental
measures were not found for control
families. Of note for exposed homes were
particularly strong correlations with lead
dust levels at the main entry and in the
family room (correlation coefficients=
.49 and .58, respectively).

Discussion
Exposure to toxic materials originat-

ing in the workplace has been known in

the occupational health community to be a
concern for families of workers in several
industries. Outbreaks of severe illness
caused by asbestos,'2 beryllium,'3 and
polycyclic compounds'4 have been traced
to home contamination by industrial dust
Lead is of particular concern for workers
with young children since elevated blood
lead levels have been implicated as a
cause of a variety of health problems in
children, ranging from behavioral disor-
ders to brain damage.'-'7 Children are at
higher risk for lead exposure because they
have more hand-to-mouth activity than
adults, and the efficiency of gastrointesti-
nal absorption of lead in children exceeds
that in adults.'8 There are numerous
reports documenting home contamination
with lead in general industry (e.g., lead
smelter, battery recycling),1926 although
many of these studies are limited by the
method of blood collection (e.g., finger-
stick) or by lack of a comparison popula-
tion. This study is the first comprehensive
examination of home lead contamination
among construction workers.

We found that the children of lead-
exposed construction workers were six
times more likely to have a blood lead
level of 10 pg/dL or greater than the
children of neighbors employed in non-
lead industries. The higher levels of lead
dust in the exposed homes compared with
the controlsg and, among exposed chil-
dren, the correlation of blood lead levels
with environmental dust levels are consis-
tent with dust lead contamination being
the major exposure pathway. The impor-
tance of interior dust lead levels as a
lead-exposure pathway has been identi-
fied for other children at high risk for lead
poisoning, such as those living in older,
urban housing.27.28

The study is limited in size and
representativeness. Because the majority
of workers were identified through a lead
registry, the children in the study may not
be representative of the children of
lead-exposed construction workers in gen-
eral. However, the range of job titles and
other employment characteristics of the
study population suggest that these work-
ers are not meaningfully different from
other lead-exposed construction workers
with elevated blood lead levels. The high
percentage of workers that we were
unable to contact during recruitment
reflects the difficulty of studying this
highly mobile population. Workers who
were eligible for the study but who chose
not to participate were similar to partici-
pants with respect to age and mean blood
lead level.

The OSHA lead standard for con-
struction was implemented in August of
1993,5 one year prior to study data
collection. Prior to enactment of the
standard, showers and change facilities
were not provided at most construction
sites.4 It is difficult to use our data to
evaluate the effect of the new standard
since lead contamination in workers'
homes and automobiles may reflect accu-
mulation over many months or years.
Furthernore, many of the provisions of
the lead standard that are intended to
prevent lead dust from leaving the work
site, such as change facilities and showers,
are required only if a worker's airborne
lead exposure exceeds the permissible
exposure limit of 50 pg/m3. Air-sampling
measures, because they do not take into
account other sources of exposure such as
surface dust contamination, may not
adequately predict levels of lead dust
taken home from the workplace.29 A
survey of general industry practices re-
vealed that even the required environmen-
tal and biological monitoring for lead is
not routinely conducted.30

For the most part, workers in the lead
registry are individuals who (1) received
routine blood lead monitoring at the
workplace or (2) saw a medical provider
who performed a blood lead test. There-
fore, our findings suggest that some
employers may be conducting routine
monitoring but not putting measures in
place to reduce home contamination,
and/or that medical providers who screen
occupationally exposed adults are not
recommending screening of young chil-
dren who live in workers' homes. In this
light, our findings emphasize the impor-
tance of CDC's guidelines for preventing
lead exposure in children. The CDC is
revising its 1991 guidelines to recom-
mend that children should be screened for
lead if they live in a high-risk geographic
area, belong to a high-risk population
group (such as low-income children), or
have individual risk factors for lead
exposure (P. Briss, telephone conversa-
tion, 1996). Children of occupationally
exposed workers are one high-risk popula-
tion group for whom screening should be
considered. Furthermore, although lead
poisoning can be ameliorated when identi-
fied, the focus should be on primary
prevention of exposure. Practicing physi-
cians and local health departments should
assess parental occupational exposures as
a possible pathway for lead exposure to
young children and should counsel par-
ents on ways to avoid bringing lead dust
home from work (e.g., through the use of
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change and shower facilities at the work
site). El
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